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Novel Biodiesel Reactor Utilizes Stainless Steel Yarn 
To Provide High Surface to Volume Ratio For Biphasic Reaction
Phan Truong ‘11 and Prof. Dudley Thomas 
Department of Chemistry, Kenyon College
RESULT
Fig. 1:The 1H-NMR  spectrum of biodiesel without contamination.
Fig. 2: The 1H-NMR spectrum of biodiesel contaminated with methanol. Fig. 3: The 1H-NMR spectrum of biodiesel contaminated with oil.
•At the end of the reaction, the two products separate by density as shown 
in the picture in the right. Biodiesel is the top layer and glycerol is on the 
bottom.
•The products from each trial is analyzed using 1H-NMR for purity and 
contamination.
• Even though the reaction was completed, excess methanol was present in 
the final product (Fig. 2).
• The total volume of biodiesel to total volume of glycerol ratio in the trials 
conducted using the reactor ranges from 4:1 to 11:1.
ABSTRACT
INTRODUCTION
• Biodiesel is a non-petroleum based diesel fuel that is typically made by through 
transesterification process of vegetable oil or animal fat. 
• Conventional diesel engines can use biodiesel alone or mixed with conventional 
petroleum diesel fuel with little or no modification. 
• Making and burning biodiesel contributes a smaller amount of carbon dioxide to the 
atmosphere than burning fossil fuels. 
• Biodiesel is also the only alternative fuel that has successfully completed the Health 
Effect Test requirements of the Clean Air Act1.
• Engines that use biodiesel emit lower level of polycyclic aromatic hydrocarbons (PAH) 
and nitrated polycyclic aromatic hydrocarbons (nPAH), which have been identified as 







• The stainless steel wires use for the reactor is 13 
micron (µm) in width. (See picture at the title)
• The wires came in small spools so they had to be 
unwound into a bigger wheel (picture in right) to 
form a yarn.
• The wires were then cut to length and fitted into a 
0.5 in. stainless steel pipe. 
• The pipes that feed the reactor with oil and 
methoxide were connected to the reactor pipe. 
• A heating-coil (coil I) was put around the pipe 
that the oil passed through (B). Coil I warms up the 
oil before they enter the main reactor. 
•Another heating-coil (coil II) was put around the 
reactor. Coil II provides the energy for the reaction 
to take place.
• Two pumps were used to supply the reactors with 
oil and methoxide through pipe B and pipe A.




1 and 2: National Biodiesel Board (www.biodiesel.org)
This project was funded by Edgerton Research Fellowship in Energy and the 
Environment. Optical microscope pictures of stainless steel wires provided 
Professor Simon Garcia. Special thanks to Professor Dudley Thomas for his 
guidance and patience throughout. 
• The next step for the project is to run the reactor so that the products will 
have a 7: 1 ratio of biodiesel to glycerol and to minimize excess methanol 
in the final product.
• There was too big a gap between the wires and the wall of the pipe. This 
had led to incomplete reaction. The 0.5 in. stainless steel pipe has to be 
replaced with a smaller one.
• Biodiesel made from the reactor will be vacuum redistilled to extract the 
different components that contribute to the biodiesel’s 1H-NMR as a 
whole. This will further the understanding of what can contaminate the 
biodiesel.
Our petroleum oil supply is rapidly depleting every day. Biodiesel is a possible partial 
replacement for petroleum diesel. In the future, a compact biodiesel reactor could fit into a 
small car and it would be able to convert oil to biodiesel using excess engine heat. We 
investigate a novel biodiesel reactor utilizing high surface area (reactor surface) to volume 
(reactants) ratio making biphasic reactions more efficient. We observed biodiesel to 
glycerol ratios in range of 4:1 to 11:1. 
Reactor I                                   Reactor II
• The cross section of a reactor filled with large wires and another reactor filled with 
smaller wires.
• The surface area to volume ratio for Reactor I is 1: 2.08. The surface area to volume ratio 
for Reactor II is 1.03 : 1.
• This indicates that the finer the wires are, the higher the surface area to volume ratio will 
get.
